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Circulating endothelin in children with congenital
heart disease

Ian Adatia, Sheila G Haworth

Abstract
Objective-To evaluate whether circu-

lating endothelin, a peptide that is
thought to play a part in mediating vas-
cular tone, might be high in pulmonary
hypertensive congenital heart disease.
Design-A prospective study with a

radioimmunoassay technique to estimate
urinary and plasma endothelin concen-
trations.
Setting-A supraregional referral cen-

tre for patients with congenital heart dis-
ease.
Patients-The 12 hour urinary endo-

thelin concentration in young children
with an increased pulmonary blood flow
(n = 24, median age eight months) were
compared with those in children with
right ventricular outflow tract obstruc-
tion (n = 14, median age 1.5 years) and
with those in healthy controls (n = 16,
median age 1*8 years). The concentra-
tions were also measured in adolescents
with irreversible pulmonary vascular dis-
ease (n = 17, median age 18 years) and
compared with those in controls of simi-
lar age (n = 19, median age 18-5 years).
Also the plasma concentrations in the left
atrium and pulmonary artery were mea-
sured in young children with either high
(n = 11, median age 10*8 months) or low
(n = 5, median age 1 0 year) pulmonary
blood flow, in the peripheral arterial and
venous blood of young children with
either high (n = 13, median age 10*8
months) or low (n = 6 median age 1 9
years) pulmonary blood flow, and in the
peripheral venous blood of seven healthy
young children (median age 17 years).
Results-The urinary excretion of

endothelin was similar in young children
of a similar age, whether they had high,
low, or normal pulmonary blood flow.
Also, urinary endothelin excretion in
older patients with irreversible pul-
monary vascular disease was similar to
that in normal subjects of similar age.
Urinary endothelin excretion in normal
young children, however, was signifi-
cantly greater than that in normal older
subjects (p = 0.0001). There was no
transpulmonary or arteriovenous differ-
ence detected in either children with high
or low pulmonary blood flow, and plasma
concentrations sampled from the left
atrium, pulmonary artery, and systemic
artery and vein were similar in both
groups.

Conclusion-There was no evidence to
implicate circulating endothelin in the
pathogenesis of pulmonary vascular dis-
ease.

(Br Heart J 1993;69:233-236)

Endothelin is a long acting vasoconstrictor
peptide that is thought to mediate vascular
tone, and which may play a part in the patho-
physiology of vascular disease associated with
vasoconstriction.1 Cultured pulmonary arter-
ial endothelial cells are capable of producing
endothelin and its release is increased in
response to shear stress.2 3 Endothelin inter-
acts with other vasoactive substances, stimu-
lating the release of endothelin derived
relaxing factor, prostacyclin, and thrombox-
ane A2 in the lung.4 Its vasoconstrictor effect
on vascular smooth muscle can be attenuated
by cyclooxygenase inhibitors and thrombox-
ane receptor antagonists. The vasoconstrictor
effect of endothelin is most pronounced when
the endothelium is absent.5

In pulmonary hypertensive congenital heart
disease shear stress, endothelial damage,
metabolic dysfunction, and abnormal
eicosanoid biosynthesis have all been impli-
cated as contributing factors in the pathogen-
esis of pulmonary vascular disease.6-8 In our
study we investigated the possibility that
endothelin concentrations were increased in
children with pulmonary vascular disease, by
studying young children with a high pul-
monary blood flow and older children with
irreversible pulmonary vascular disease.

Patients and methods
We measured the 12 hour urinary excretion
of endothelin (ET- 1,2 and big endothelin
(ET-1 ,2/ET)) and big endothelin (ET-
1,2/ET)) in young children with congenital
heart disease who had either a high pul-
monary blood flow or a low flow due to right
ventricular outflow tract obstruction (table 1).
All but one of these children was less than
three years of age. Urinary endothelin con-
centrations were measured in age matched
controls. The 24 hour urinary excretion of
endothelin was also measured in a group of
older patients with irreversible pulmonary
vascular disease and in controls of a similar
age. The plasma concentration of ET-1,2/ET
was determined in pulmonary arterial and left
atrial blood samples drawn at routine cardiac
catheterisation in young children with either a
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Endothelin concentrations in different body fluids

Group 1 2 3 4 5 6 7 8 9 10

No 24 14 16 17 19 11 5 13 6 7
Medianage 8months 1-5 yr 1-8yr 18 yr 18-5 yr 10-8 months 1-0yr 10 8 months 1 9 yr 1 7 yr
M:F 2:1 1-3:1 1:1 1-4:1 1-4:1 1-2:1 1-5:1 1-2:1 2:1 1 3:1
Pulmonary blood flow High Low Control 1PVD:PVR*Control High Low High Low Control
Qp:Qs > 2:1 0-2-0 9 5-33 Ai 2:1 0-5-0-8 > 2:1 0-5--8

(median 0 6) (median 17) (median 0 6) (median 0 65)
Endothelin concentrations:

Urinary ET-1,2/ET
(mean (SEM)/mg/g
creatinine) 318 (25) 332 (50) 391 (60) 113 (9) 106 (8) - - -

Plasma ET-1,2/ET (mean
(SEM) fmollml)

In pulmonary artery - - - - - 32 (3 8) 51 (12-6) -
In left atrium - - - - - 35 (3 7) 48 (3-7) -

Peripheral plasma
ET-1,2 (mean (SEM)
finol/ml)

Venous - - - - - - - 13-9 (0 84) 13-1 (1 3) 14-0 (3 5)
Arterial - - - - - - - 15-04 (1-5) 14-7 (36) -

*IPVD, irreversible pulmonary vascular disease; PVR, pulmonary vascular resistance (units mi2); Qp, pulmonary blood flow index; Qs, systemic blood flow index.

high or low pulmonary blood flow (without
aged matched controls). The assay specific
for ET-1,2 then became available. Therefore
the concentration of ET-1,2 was determined
at cardiac catheterisation in the peripheral
arterial and venous blood of young children
who had either an abnormally high or low
pulmonary blood flow, and in the venous

blood of six aged matched controls sampled
at a time of intercurrent illness. Also, one

child with mild pulmonary valve stenosis
(gradient 35 mm Hg) who underwent cardiac
catheterisation was included in the control
group. None of the patients or controls had
systemic hypertension. All patients and con-

trol subjects or their parents gave informed
consent.

ENDOTHELIN ASSAYS
Urine samples were stored at -20°C until
analysis. Blood samples were collected in
lithium/heparin tubes, centrifuged at 4°C,
and the plasma stored at - 20°C until
analysis.

Radioimmunoassay ofET-1,21ET
For both urine and blood samples, ET-
1,2/ET was measured with the commercially
available Amersham International ET-1,2 1251
assay system. The antibody exhibits a cross

reactivity of 100% with ET-1, 37-9% with big
ET, 204% with ET-2, and 0-0024% with
ET-3 (Amersham International). The urinary
concentration of endothelin is expressed in
relation to the excretion of creatinine. In all
urine samples the creatinine was measured by
standard laboratory techniques.

Plasma concentrations of specific ET-1,2
Specific ET-1,2 in plasma was measured with
the Amersham International ETI-21 specific
125I assay system. The crossreactivities were:

100% with ET-1, 144% with ET-2, 52%
with ET-3, 0-4% with big ET-1, <0-003%
with big ET 22-38 (Amersham Inter-
national).

Final concentrations of endothelin were

expressed as ng endothelin/g of creatinine for
urine and as fmol/ml for plasma. Results were

compared by a Mann-Whitney U test for

unpaired samples and the Wilcoxon signed
rank test for paired samples and were consid-
ered significant when 2p < 0 05.

Results
URINARY ENDOTHELIN CONCENTRATION WITH
THE ET- 1,2/ET ASSAY
The table shows that the mean excretion rate
of urinary endothelin was similar in young

children with a high and a low pulmonary
blood flow (2p = 0 64) and in both groups
values were similar to those in normal
children of similar age (2p = 0 54, 0.34
respectivily; fig 1). The mean endothelin con-

centration was lower in older healthy controls
than in the young controls (2p = 0 0001). In
older patients with irreversible pulmonary
vascular disease the mean concentration of
endothelin excreted was similar to that in
aged matched controls (2p = 0 7).

PLASMA ENDOTHELIN CONCENTRATION WITH
THE ET- 1,2/ET ASSAY
There was no significant difference between
the mean pulmonary arterial ET-1,2/ET con-

centration in children with a high pulmonary
blood flow and in those with a low pulmonary
blood flow (2p = 0 14; fig 2). Neither was

there a difference in the left atrial samples in
these two groups (2p = 0 11). There was no

difference between pulmonary arterial and
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Figure I Urinary endothelin concentrations in young and
older children with congenital heart disease, each group
with its own controls of similar age. Qp, pulmonary blood
flow index.

* High Qp
la Low Qp
* Young controls
M Advanced pulmonary

vascular disease
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Figure 2 Plasma
endothelin concentrations
in the pulmonary artery
and left atrium of children
with a high and low
pulmonary bloodflow. Qp,
pulmonary bloodflow
index.

Figure 3 Plasma specific
endothelin concentrations in
peripheral blood of children
with a high and low
pulmonary bloodflow.
Note: arterial samples
from normal children were

not available. Qp,
pulmonary bloodflow
index.
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left atrial samples in either the patients with a

high pulmonary blood flow (2p = 0O84) or

with a low pulmonary blood flow (2p =

0 72).

PERIPHERAL PLASMA ENDOTHELIN CONCEN-
TRATION WITH THE SPECIFIC ET-1,2 ASSAY
There was no statistical difference between
the mean venous endothelin concentrations
in children in the high flow, low flow, and
control groups (p = 0 8; fig 3). The mean

arterial ET-1,2 concentration was similar in
children with a high and a low pulmonary
blood flow (2p = 0 57). There was no signifi-
cant difference between the peripheral arterial
and venous concentrations in either the chil-
dren with high flow (2p = 0 53) or the chil-
dren with low flow (2p = 0 69). In the single
patient in the control group who underwent
cardiac catheterisation the concentrations
were, in the femoral vein 12-1 fmol/ml,
femoral artery 12 6 fmol/ml, and pulmonary
artery and pulmonary vein 14 0 fmol/ml.

Discussion
We surmised that in the absence of renal dys-
function the 12 and 24 hour urinary excretion
of endothelin might more accurately reflect
the basal release of endothelin without the
possible confounding influence of vessel can-

nulation that is known to cause increases of
both endothelin and other vasoactive media-
tors such as eicosanoids.9-"' It also allowed us

to study normal children non-invasively. We

found no difference in endothelin excretion
between children with heart disease and
healthy controls but did find a noticeable dif-
ference between young and older subjects.
This could reflect a change in the renal han-
dling of endothelin, which is thought to be
partly dependent on tubular function.'2 This
is known to undergo maturational changes.'3
Increased concentrations of vasoactive media-
tors may be a feature of early childhood and
higher plasma concentrations of endothelin
have been reported in children less than three
months of age.'4 The venous plasma endothe-
lin concentrations of the young children in
our series were greater than those in a small
group of healthy adult investigators measured
in our laboratory. The plasma concentrations
of big endothelin were higher in both children
with heart disease and controls suggesting
that activation of big endothelin to specific
endothelin may occur within the circulation.
The fate of endothelin in the lung is con-

troversial and may be species dependent.'5 In
the human lung, one recent study suggested
net clearance of endothelin by the lung,'5
whereas another did not.'4 We failed to detect
a peripheral arteriovenous difference or a dif-
ference across the pulmonary vascular bed in
35 children with either a high or low pul-
monary blood flow. This finding does not
support the concept that there is a net extrac-
tion or secretion of endothelin across the
human pulmonary vascular bed.

In our study the urinary excretion of
endothelin was normal for age in pulmonary
hypertensive children, both in young patients
with potentially reversible pulmonary vascular
changes and in the older patients with irre-
versible disease. An increase in the systemic
arterial and venous concentrations of
endothelin has been reported in a group of
adults with primary and secondary pul-
monary hypertension due to hypoxic lung dis-
ease, pulmonary thromboembolism, and the
Eisenmenger syndrome.'6 We did not mea-
sure plasma endothelin concentrations in our
older patients but the normal 24 hour urinary
excretion of endothelin does not suggest a
consistently high circulating concentration of
endothelin. In our young patients the plasma
endothelin concentrations were within nor-
mal limits. Yoshibayashi et al have reported
increased concentrations of plasma endothe-
lin in children with pulmonary hypertension
due to congenital heart defects. 4 Their group
of 18 patients, however, included five postop-
erative cases, and we have preliminary data
indicating an increased concentration of
endothelin after intracardiac repair in young
children who had a normal plasma concentra-
tion before operation.'7

Although in vitro studies indicate that
endothelin increases in response to shear
stress,2 3 we could find no evidence that this is
so in vivo. This, however, does not necessari-
ly obviate a role for endothelin in the patho-
genesis of pulmonary vascular disease.
Children with pulmonary hypertension have
morphologically abnormal endothelial cells6 7

and a resulting change in endothelial cell
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smooth muscle interaction might result in
increased sensitivity of hypertrophied smooth
muscle cells to normal concentrations of the
vasoconstricting peptide endothelin.
This study was supported by a grant from the British Heart
Foundation
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